The ancient Chinese prescription Si-Miao-San (SMS), which is widely used for the treatment of various diseases, e.g. rheumatic disorders, has been modified (m 1 SMS, m 2 SMS). The purpose of this study was to investigate the anti-inflammatory, antioxidant, and anti-tyrosinase effects of Si-Miao-San, of its two modifications, the component herbs, and its main pure ingredients. In vitro tyrosinase, 2,2-diphenyl-1-picrylhydrazyl (DPPH), and lipid peroxidation (LPO) assays were carried out in order to determine the inhibitory potential of the samples. The traditionally applied decoctions as well as their fractions (n-hexane, DCM, n-BuOH) were tested for their activities in concentrations of 100 µg/mL and 400 µg/mL, and the pure compounds in a range 6.25 µg/mL to 100 µg/mL. In conclusion, the decoction of m 2 SMS exhibited strong antioxidant activity in the DPPH assay, while the decoction of the classical SMS formulation showed low activity. The present results have shown the modifications to be more efficient scavengers of free radicals, such as superoxide and peroxide radicals. In addition, the decoctions of the two modifications have been shown to be more potent tyrosinase inhibitors. These formulas may thus be used as antiinflammatory and anti-aging prescriptions, as they may help to prevent cell damage. This study clearly establishes the two modifications of Si-Miao-San as valuable sources of natural antioxidants and anti-inflammatory agents, and also as candidates in the search for modern pharmaceuticals.
Traditional Chinese medicines have been used in clinical applications in China for several millennia. They are prepared as decoctions from specific combinations of different herbs. The use of Traditional Chinese Medicine (TCM) presents some difficulty since there is not always sufficient knowledge about which component is ultimately active. Therefore it is necessary to evaluate the active potential of the mixed TCM formulations. Since oxidative stress and inflammation processes are part of many complex conditions in which TCM can be useful, studying the in vitro antioxidant and anti-inflammatory potential of certain TCM formulas is of great interest.
Si-Miao-San is an ancient herbal formulation which has been used in TCM for more than 100 years. Classical Si-Miao-San (SMS) is composed of Cortex Phellodendri, Radix Achyranthis, Semen Coicis, and Rhizoma Atractylodis ( Table 1 ). This herbal formula is mainly prescribed to patients suffering from general infectious and inflammatory diseases, such as diarrhea, urinary infection, hydrosarca, and rheumatic arthritis.
In clinical practice, the original prescription has been modified by replacing Radix Achyranthis with the popular Rhizoma Coptidis, which has high anti-inflammatory potency [1] . Modified Si-Miao-San (m 1 SMS, Tab. 1) is today widely used as a medication recipe for the treatment of infectious and inflammatory diseases including diarrhea, dysentery, urinary tract infection, hydrosarca, and rheumatoid arthritis, although its actual role in the inflammatory process remains unclear [2] .
In this study SMS was modified a second time by Agnieszka Lower-Nedza. Radix Achyranthis was replaced with Fructus Chaenomelis, another potent anti-inflammatory TCM herb [3] . This modified prescription is hereinafter referred to as m 2 SMS ( Table 1) . The main pure compounds that can be found in these formulations are terpenes, flavonoids, and alkaloids. Flavonoids especially possess a wide range of bioactive effects, including strong antioxidant activity. These antioxidant agents can scavenge free radicals that protect the organism against damage caused by free oxygen species [4, 5] . Although reactive oxygen (ROS) and reactive nitrogen (RNS) species are products of normal cellular metabolism, they may lead to damage in cellular structures when occurring in high concentrations. If these cellular structures (nucleic acids, lipids, proteins) undergo the process of oxidation, they may facilitate the development of chronic diseases, such as rheumatism, cancer, cardiovascular and neurodegenerative diseases [6, 7] .
In the present study, the antioxidant and anti-inflammatory potential of the Chinese medicine SMS, of its two modifications, and its component herbs were examined in vitro. Additionally, two pure compounds, baicalin and baicalein, which are not included in SMS or its modifications, were tested as they are popular in TCM herbs and showed strong anti-inflammatory and anti-cancer activities in reported studies [8, 9] . To achieve this, the samples were tested for their 2,2-diphenyl-1-picrylhydrazyl (DPPH), tyrosinase and lipid peroxidation (LPO) inhibition.
The TCM formulations and the medicinal plants were extracted with water in the traditional Chinese manner, as decoctions. Organic solvents were used only for fractionation. A total of five fractions were tested for the water extract (WE), water extract residue (WER), n-BuOH fraction (n-BuOH), dichloromethane fraction (DCM) and n-hexane fraction (n-hexane). Table 2 reveals that the decoction of m 2 SMS showed the strongest antioxidant property in comparison with the decoctions of the other two formulas. This activity may be influenced by Fructus Chaenomelis, one ingredient of m 2 SMS. Comparison of all fractions with different polarities has shown the n-BuOH fractions of the formulations to be the most active ones (85-95% inhibition). When comparing the decoctions and the extracts of the single component plants, we found Fructus Chaenomelis to show the best activity, both in the water extract and in the fractions. Regarding the pure compounds, only the flavones baicalin and baicalein exhibited notable activity to reduce the radical DPPH. Even at a concentration of 25µg/mL inhibition was higher than 50% (Table 3) .
DPPH radical scavenging assay:

Tyrosinase inhibition assay:
The results of the tyrosinase inhibition assay, carried out on the extracts of the formulations, the component herbs and pure compounds, are shown in Tables 2 and 3 The n-BuOH fraction of m 1 SMS turned out to be the most potent fraction in comparison with the n-BuOH fractions of the other formulations. The formula m 1 SMS contains Rhizoma Atractylodis (with atractylodin), Rhizoma Coptidis and Cortex Phellodendri (with jatrorrhizine and berberine) as main ingredients. Atractylodin turned out to be a strong tyrosinase inhibitor (Table 3 ) and may be responsible for the inhibitory activity of the drug. The decoctions of all investigated component drugs showed potent tyrosinase inhibitory effects in the range of 67-92% (Table 2 ). Strong enzyme inhibition ability was also found for all water extract residues of the drugs, followed by the n-BuOH fractions. Concerning the pure compounds, atractylodin and baicalein were shown to display higher inhibitory activity values than the other pure compounds.
Lipid peroxidation inhibition assay:
The decoction of all three formulations showed similar values for LPO inhibition ( Table 2 ). The n-BuOH fraction of m 2 SMS showed a clearer inhibitory effect on LPO in comparison with all other fractions. This formulation includes Rhizoma Atractylodis and Fructus Chaenomelis. Rhizoma Atractylodis contains the active ingredient atractylodin, which might be responsible for the activity.
The decoctions and the n-BuOH fraction of Fructus Chaenomelis had the best impact on LPO inhibition, followed by Rhizoma Coptidis. The flavone baicalein has the highest inhibitory activity among the pure compounds, closely followed by baicalin, coptisine and atractylodine ( Table 3 ). The other pure compounds had weaker inhibitory activity.
Extract yield: Table 4 presents the extract yields of the formulas as well as of the single component plants. The highest yields were obtained from the water extracts, especially the formulas, which showed yield values higher than 3 g. As the water extracts were fractionated with organic solvents a decrease in yield paired with a decrease in polarity of the solvents could be observed.
In summary, the extracts and fractions of SMS, its modifications m 1 SMS and m 2 SMS, the single plant components, and pure compounds have been investigated for their anti-tyrosinase and antioxidant potential using the in vitro DPPH assay, anti-tyrosinase and non-enzymatic lipid peroxidation assay. Most compounds of the plants investigated in this study can be classified as alkaloids (e.g. berberine, coptisine), terpenes (e.g. oleanolic acid) or volatile oils (hinesol and beta-eudesmol), which have strong antioxidant effects. The investigated plants are used in TCM mainly against diseases such as colds, digestive disorders or rheumatic diseases.
Alkaloids, which occur in a large amount in the formulations, generally have rather weak antioxidant potential. However, the plants themselves showed strong activities in our studies, which may be due to synergistic effects among the ingredients. Antioxidant and anti-tyrosinase effects play an important role in melanogenesis, which is activated by oxidation-related processes, such as UV radiation or other factors. It requires the activity of the enzyme tyrosinase as well as reactive species like reactive oxygen and nitrogen species causing oxidative stress to cells, especially of skin cells, which results in pigmentation and aging [10] . Lower-Nedza et al.
In clinical practice, the classical SMS formulation is often replaced by m 1 SMS in order to increase the anti-inflammatory potency of the drug [11] . Regarding the formulations, a definite increase in antiinflammatory potency was found.
The present study allows us to conclude that both m 1 SMS and m 2 SMS had similar effects in the assays; in comparison, no significant inhibition was found among the SMS extracts. The n-BuOH fraction of m 2 SMS showed the highest activity in the LPO and DPPH assays, whereas the n-BuOH fraction of m 1 SMS had the most significant effect in the tyrosinase assay. Previous studies have shown Fructus Chaenomelis to have good immune-modulatory, anti-inflammatory, and antioxidant effects [3, [12] [13] [14] . These effects were confirmed as all extracts of Fructus Chaenomelis showed strong activities in the three assays. In a previous study, 3,4-dihydroxybenzoic acid and quercetin were identified as active compounds from Fructus Chaenomelis [3] . Several studies describe Cortex Phellodendri as an anti-inflammatory drug [15] and Rhizoma Coptidis as a drug with high anti-inflammatory [1, 16] , antimicrobial [17, 18] and anticancer potential [19, 20] . Cortex Phellodendri showed similar effects in the assays, as most of its main compounds are the same as those of Rhizoma Coptidis, except for coptisine. Furthermore berberine and coptisine are described in the literature as anti-inflammatory and neuroprotective agents [21, 22] . According to the literature, the methanol extract of Rhizoma Atractylodis inhibits both melanogenesis and tyrosinase activity [23] . Rhizoma Coptidis, Cortex Phellodendri, Rhizoma Atractylodis and Fructus Chaenomelis showed the best antioxidant and antiinflammatory effects among the single plants. In comparison, the pure compounds did not show any noteworthy effects, except for baicalin and baicalein, which are described as being antiinflammatory [24] .
Activities were found for the formulations and their constituents, which support the traditional use of these plants and formulations. The replacement of SMS by m 1 SMS or m 2 SMS makes sense, as the antioxidant and anti-inflammatory effects of the modifications are much higher than those of the classical formulation. 
Experimental
Preparation of extracts:
The powdered component herbs of each formulation were mixed in the ratio mentioned in Table 1 , soaked for 30 min, and then decocted with 10 times the volume of distilled water for 30 min. The extract was filtered through cotton and the residue was re-extracted under the same conditions. The combined filtrates were used for liquid-liquid extraction with n-hexane, DCM and n-BuOH (270 mL each). The extracts were evaporated to dryness under vacuum. The extraction of the single component herbs was performed in the same way. The dried extracts and fractions were weighed until a constant mass was achieved for the determination of the extract yields. 
Non-enzymatic lipid peroxidation inhibition assay:
The TCM formulations, herbal drugs and pure compounds were investigated as possible inhibitors of membrane lipid peroxidation using a previously described method of Houghton et al. [27] with some minor modifications. Phospholipid liposomes were prepared by mixing bovine brain extract Type VII with phosphate-buffered saline (5 mg/mL, pH 7.4), which was then sonicated at 0-4°C until opalescent. The lipid peroxidation was stimulated by mixing 500 µL of the bovine brain extract, 300 µL of the phosphate-buffered saline including the sample (sample first dissolved in DMSO, then diluted with buffer) and 100 µL of FeCl 3 . Peroxidation was initiated by adding 100 µL 1mM ascorbic acid. After incubation for 1 h at 37 o C the extent of the liposome lipid peroxidation was assessed using thiobarbituric acid [27, 28] . One hundred µL of the reaction mixture was added to 100 µL of 1% thiobarbituric acid, 100 µL of 2.8% trichloroacetic acid, and 10 µL of 2% butylhydroxytoluene. After heating for 20 min at 100 o C in a water bath, the mixture was cooled to 25 o C, 250 µL of n-BuOH was added for extraction of the chromogen and the tubes were centrifuged for 5 min at 3500 rpm. The organic layer was transferred to microtiter plates and the absorbance of the pink pigment was measured at 532 nm. A mixture without bovine brain extract was used as blank, and a mixture without sample was used as control. Quercetin dihydrate was utilized as positive control.
Calculation: All test assays were carried out in triplicate and the data presented as mean ± SD. The percentage inhibition was evaluated by the following equation:
